A study was conducted in patients undergoing surgery for idiopathic scoliosis, to determine whether combining bloodsaving methods would decrease the need for homologous blood. Five groups were compared in a prospective, randomized fashion. In control patients (n=13), blood loss was replaced by colloids. Preoperative haemodilution (PHD group) was used in ten patients. In the intraoperative autotransfusion (IAT) group (n=11), washed red cells were returned to the patient. In the PHD+IAT group, both methods were combined (n=13). In the fifth group, in addition, arterial hypotension was maintained with sodium nitroprusside (the PHD+IAT+HA group, n=10 ). The haemoglobin value was kept above 79 g/l. Total blood loss did not differ between groups. The use of homologous blood in the PHD+IAT and PHD+IAT+HA groups was significantly less than in controls. It is concluded that blood-saving measures can be combined with an augmentative effect.
The use of homologous blood carries the risk of immunization, infection and immunosuppression 1 . The need for blood transfusion can be reduced by various techniques. Thus, during preoperative haemodilution (PHD), blood is withdrawn under normovolaemia, immediately before the operation. The decrease in haematocrit entails a smaller loss of red cells for a given surgical blood loss and the stored blood is infused during surgery or later, to compensate for blood loss. In intraoperative autologous transfusion (IAT), wound blood is washed in an autotransfusion machine and a suspension of red cells is returned to the patient. In hypotensive anaesthesia (HA), the arterial pressure is lowered, in order to decrease the bleeding from severed vessels.
The combination of PHD, IAT and HA has, to our knowledge, only been reported in a few, retrospective, studies on spinal fusion surgery 2, 3 . Such an approach may involve some risk: for instance, the combination of haemodilution and hypotension may endanger oxygen delivery to vital organs 4 . Further knowledge concerning the risks can be gained by studies focused on tissue oxygen utilization and organ function but, to account for individual variation, it seems even more relevant to study clinical outcome in large patient groups.
However, the blood-saving effects of the abovementioned procedures, when used in combination, are not necessarily additive or even mutually augmentative. It seems relevant to establish such effects in a limited study, prior to extensive clinical use of the method. Our aim was, in a pilot study, to evaluate the effect of these procedures in combination, with regard to blood-saving in a prospective, randomized, controlled design in a highly standardized surgical procedure for idiopathic scoliosis.
PATIENTS AND METHODS General
Fifty-seven patients with idiopathic scoliosis and scheduled for operation by the Harrington rod procedure with fusion were randomized into five groups: In control patients (n=13), intraoperative haemodilution (IHD) was carried out, whereby volume losses Anaesth Intens Care 1996; 24: [555] [556] [557] [558] were replaced by a plasma substitute, using the same fluids as for PHD (see below). In the second group (n=10), PHD was used. In the third (the IAT group, n=11), wound blood was recovered by a cellsaver and returned to the patient. In the fourth (the PHD+IAT group, n=13), both procedures were combined. In the fifth, in addition, arterial hypotension was induced (the PHD+IAT+HA group, n=10). Thus, there was a progression in the intensity of the blood-saving efforts in the study groups. The haemoglobin value was maintained not lower than 80 g/l throughout.
The study was approved by the Ethics Committee and informed consent was obtained from patients and parents. The patients, who usually were referred for surgery from other hospitals, were all in ASA group I and individuals with known coagulopathy were excluded from participation.
Patients were premedicated with pethidine 25 mg and promethazine 25 mg IM. Anaesthesia was induced with thiopentone and succinylcholine and, after intubation, maintained with fentanyl and pancuronuim. Ventilation was carried out with 33% oxygen in nitrous oxide. The patients were operated in the prone position by one of two surgeons. Diluted adrenaline in mepivacaine was infiltrated subcutaneously by the surgeon to reduce skin edge bleeding. Fusion was performed by careful decortication and facet joint resection. Autologous bone was obtained from the iliac crest. Each wound was provided with a suction drain at the end of surgery.
The patients were continuously monitored with pulse oximetry, intra-arterial pressure, central venous pressure and ECG. Arterial blood gas and urine output were measured, the latter by a urethral catheter. Blood volume was estimated by clinical judgement, by measurements of blood loss, fluid intake, urinary output, central venous pressure and the waveform of the intra-arterial pressure and the pulse oximeter signal. The intraoperative loss of blood was the nurse anaesthetist's estimate of loss of blood in sponges, drapes and suction bottles, to which was added the blood collected in the cellsaver if such a device was used.
Normovolaemia was initally maintained with 6% dextran 70 (Macrodex®, Kabi Sweden) and when 500 ml had been given, 3% dextran (equal volumes of Macrodex® and Ringer's acetate) was given for the same purpose. A maximum of 1.5 g/kg b.w. of dextran was given, and if necessary, the replacement was continued with a 4% albumin solution. Blood haemoglobin concentration was determined photometrically in the operation room (HemoCue AB, Ängelholm, Sweden). A decrease in the haemoglobin value below 80 g/l was prevented by transfusion of autologous red cells obtained by PHD, or from the cellsaver or by homologous blood transfusion.
Normovolaemic preoperative haemodilution
PHD was carried out immediately after induction of anaesthesia and blood was withdrawn in standard citrated blood bags, containing 450 ml (=1 unit), with simultaneous replacement first with 500 ml 6% dextran 70 and later 3% dextran. The dilution was carried out to a haemoglobin concentration of 80 g/l. The blood was stored at room temperature and during or immediately after surgery, the citrated autologous blood units were transfused in the reverse order to that in which they were collected.
Recovery of wound blood
During the operation, red cells from the wound were recovered with a Cellsaver4® (Haemonectics Corp, Braintree, MA), washed and returned to the patients. The aspirated blood was mixed with citrate in the suction tube and later washed with at least one litre of normal saline. The volume of the red cell suspension that was delivered by the cellsaver was read from the display of the machine. The haemoglobin value of this suspension was measured once in each operation (arithmetic mean 182 g/l).
Arterial hypotension
Moderate arterial hypotension to a systolic pressure of 90 mm Hg was induced by intravenous infusion of sodium nitroprusside. The arterial pressure was held at the desired level throughout surgery.
Postoperative management
The patients were extubated after surgery but the previously described monitoring was continued through the entire operation day. The two suction drains draining the iliac crest and perispinal space were activated for 10 minutes every hour. If more than 300 ml was aspirated in a drain during such a period, the drain in question was closed and again opened an hour later. When necessary, normovolaemia was restored with dextran or albumin. The haemoglobin concentration was kept not lower than 80 g/l with autologous blood if available, and if not, homologous buffy coat poor red blood cell concentrates (RBCC) were given, in 250 ml units containing about 150 ml cells and 10-20 ml plasma. Dextran 500 ml was given for prophylaxis against thrombosis on the first postoperative day and later every second day until mobilization. Total blood loss was the sum of the intraoperative blood loss and the volume collected in the drains.
Statistics
The data are given as the mean and SD and compared by two-way ANOVA and, if significance was found, Fisher's test. The Chi square test was used for categorical data. As the transfusion and blood loss values were skewed, they were compared with the Kruskal-Wallis test, followed by two-tailed comparisons of the control (IHD) group against the others 5 . A P-value <0.05 was considered significant.
RESULTS
The population data are given in Table 1 . Table 2 gives the extent of the blood-saving measures and their impact. A similar amount of blood was withdrawn preoperatively in those groups in which PHD was used. All this blood was given back to the patients, during the operation or on the same day. In the group in which hypotension was used (the PHD+IAT+HA group), the volume of blood returned by the cellsaver was smaller and a significant difference in this respect was attained compared to the IAT group but not to the PHD+IAT group.
The PHD+IAT+HA group received less homologous blood than all other groups and the difference to the control group was significant (P<0.01). The PHD+IAT group was also transfused less than controls (P<0.05) but the PHD and the IAT groups did not differ to controls in this respect.
The clinical course of all patients was uneventful and no complications were noted. No signs of cardiovascular, respiratory, renal, hepatic, neurologic or metabolic complications were observed and no patient had an abnormal serum standard bicarbonate value.
DISCUSSION
The need for homologous transfusion in spinal fusion surgery can be effectively decreased by autologous blood donation 6 but the implementation of such a program is difficult if, as in the present study, the patients are referred for surgery on a nation-wide basis. Though PHD, IAT and HA have been used separately in spinal fusion surgery, the combination of these methods has, to our knowledge, previously only been reported in retrospective studies 2, 3 . Our study utilized a prospective randomized design. The main objective was to elucidate whether the need for homologous blood was decreased when these blood-saving methods were combined.
The blood-saving effects of these procedures, when used in combination, are not necessarily mutually augmentative. The use of homologous RBCC and Mean (SD). The volume returned by the cellsaver was smaller in the PHD+IAT+HA (P<0.05) group than in the IAT group. The PHD+IAT (P<0.05) and the PHD+IAT+HA (P<0.01) groups received less homologous blood than the IHD group.
IAT are both paralleled by a loss of platelets and plasma coagulation factors. The use of PHD implies a temporary withdrawal of such elements. PHD decreases blood viscosity and increases vascular flow 7 which may counteract the blood-saving effect of a decreased arterial pressure. Haemodilution shifts the vasodilation induced by sodium nitroprusside from the arterial to the venous side 4 but the ensuing effects on surgical haemostasis have not been studied. As venous bleeding is quantitatively important in the Harrington procedure 8 , it cannot a priori be assumed that the blood-saving effects of the two procedures are additive.
There is some risk that the combination of haemodilution and hypotension may endanger oxygen delivery to vital organs. Furthermore, to combine the blood-saving methods requires a considerable effort and may divert attention from the patient. Therefore, it seemed relevant to study the bloodsaving effects in a prospective randomized pilot study.
Our study suggests that the combination of methods leads to a larger saving of blood. Thus, the only patients who received significantly less blood than the control (IHD) group were those of the PHD+IAT and the PHD+IAT+HA groups.
In this study, no signs of cardiovascular, respiratory, renal hepatic, neurologic or metabolic complications were observed. Potential risks for organ damage could be perceived during haemodilution. Haemodilution increases blood flow by lowering blood viscosity and causing vasodilation. In the haematocrit range of 40% to 20%, some dilation takes place in the coronary vascular bed but not in the brain or the liver 7 .
The oxygen extraction ratio in the myocardium is high, which renders the heart dependent on the active vasodilation during haemodilution 7 . Therefore, the presence of coronary artery stenoses is a relative contraindication to haemodilution. Our patients had no indications of any pre-existing cardiac disease and were subjected to close perioperative cardiac monitoring. There is a potential risk of cardiovascular complications affecting vital organs when the arterial blood pressure is reduced 4 . However, if vascular pathology is not present, tissue perfusion can be maintained by vasodilation and most tissues adequately autoregulate blood flow within a wide pressure range.
The question arises whether the combination of haemodilution and a decreased arterial pressure may impair peripheral oxygen delivery. Vasodilation induced by sodium nitroprusside, for example, decreases the vasodilator reserve and may interfere with the mechanisms controlling the distribution of flow to vital organs like the heart. The liver is supplied by the hepatic artery and the portal vein. At least in animals, haemodilution is not compensated for by hepatic vasodilation but entirely by an increased oxygen extraction 9 . If haemodilution is combined with a lowering of the arterial pressure, the latter may result in a decreased hepatic blood flow and an increase in oxygen extraction may not suffice for the oxygen demand. However, neither theoretical considerations nor animal experiments can adequately answer the question of patient tolerance which can only be assessed by clinical trials in a large number of patients.
To conclude, the combination of blood-saving methods resulted in a significant decrease in the use of banked blood in scoliosis surgery.
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